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As solhas (Solea spp) são um grupo de espécies de alto valor 
comercial com crescente importância na aquicultura. Métodos de 
avaliação da qualidade comuns em pescado foram usados para 
comparar a qualidade da solha. Solea solea e Solea senegalensis 
foram amostrados do ambiente natural e aquiculturas. Os peixes 
passaram por uma série de testes com o objetivo de analisar a sua 
qualidade. As amostras de peixes selvagens e de cultura, obtidas 
em Portugal, foram analisadas durante 31 dias, ao longo da sua 
degradação em caixas e em gelo moído. Foram feitas avaliações 
com os aparelhos Torrymeter 295 e RT-Freshmeter RT-2E, a cada 
dois dias, e avaliações sensoriais com o esquema QIM (Quality 
Índex Method), todos os dias. Os resultados mostram que os peixes 
de aquacultura têm uma perda mais lenta de qualidade do que os 
selvagens, em ambas as análises instrumentais, e nas análises do 
QIM mostram uma perda de qualidade na aparência mais evidente 
nos os selvagens. Para resultados mais precisos, análises 
complementares, como químicas, histológicas, e microbiológicas, 
tornam-se necessárias. 
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Soles (Solea spp) are a high-value commercial group of 
species with increasing importance in aquaculture. Common 
quality evaluation methods were used to compare Solea solea and 
Solea senegalensis sampled from the natural environment and fish 
farms. The aim was to develop a series of experiments and 
analysis of wild and farmed fish in Portugal, during 31 days, during 
boxed and iced storage. The analyses were performed using 
physical evaluations with Torrymeter type 295 and RT-Freshmeter 
type RT-2E, each 2 days and sensory evaluations using QIM 
(Quality Index Method), every day. The results show that farmed 
fish has a slower decrease in instrumentally-measured properties 
than the farmed, and QIM results show a loss in appearance more 
evident in the wild samples. For more accurate results, 
complementary analysis, like chemical, histological and 
microbiological, become necessary 
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Fisheries are an important source of food, with a high economic value and 
social significance. In the last decades, catches have increased, because a 
growing human population requires more food and improved technology has 
simplified all processes involved in fisheries (captures, processing and 
distribution). The world fisheries production increased from 18.9 million tons, in 
1951, to 145.1 million tons, in 2009 (FAO, 2010). Marine fisheries are the largest 
contributors to the world production, but a decreasing trend has been noticed: 
marine landings accounted for 90.8% of the total fish production (18.1 million 
tons), in 1951, and this value was reduced to 68.9%, in 2009 (100.0 million tons) 
(FAO, 2010). 
The growing demand for marine products leads to a continuous increase in 
the exploitation of most marine resources. Problems with the current status of 
marine fisheries are especially what regards the collapse of many important 
fisheries stocks all around the world (Watson & Pauly, 2001; Worm et al, 2006). 
Overfishing is recognized as the major contributor to observed collapses, which is 
attributed mainly to technological advancements among the fishermen community 
to increase the fishing efficiency (Hall, 1999). The present situation of the world 
fisheries is the result of the interaction of different factors, like climatic variations, 
bio-ecological (natural oscillations), technological innovation, exponential 
development of fishing capacity, geographic expansion, economic, socio-cultural, 
institutional and legal (Garcia and Grainger, 1996; Haddon, 2001). 
Fishing activity depends on the state of the resource, and the state of the 
resource also influences the fishing activity. Thus, knowledge is needed on each 
of those two components and on their interaction (Hilborn and Walters, 1992). 
Fishing is a traditional and culturally important activity in Portugal, being 
dominated by small and local fishing vessels. Between 2000 and 2010 the number 
of vessels has decreased 16.5% (DGPA, 2011). Fishing vessels operate out of 19 
ports in Portuguese mainland, distributed along the coast.  
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Figure 1 Map of mainland Portuguese landing ports (1. Caminha; 2. Viana do 
Castelo; 3. Póvoa do Varzim; 4. Leixões; 5. Aveiro; 6. Figueira da Foz; 7. Nazaré; 
8. Peniche; 9. Lisboa; 10. Sesimbra; 11. Setúbal; 12. Sines; 13. Sagres; 14. 
Portimão; 15. Quarteira; 16. Faro; 17. Olhão; 18. Tavira; 19. Vila Real de Santo 
António). (Teixeira, 2009) 
 
Flatfish fisheries are widely spread over the Portuguese coast (Fig. 1) and 
traditionally have played an important socio-economic role. The economic and 
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social importance of this fleet is evidenced by his contribution to the total landings 
and revenue, about 4 % and 11 % of fish landings, respectively, and the number of 
fishermen involved, nearly 85 % of the total (DGPA, 2011). 
A large number of the flatfish species occur on the Portuguese coast 
(Quéro et al., 1986; Cabral, 2000). These species richness is usually higher than 
that found in northern Europe and similar to that found in the Mediterranean, since 
many flatfish species are at their southern and northern distribution limits, 
respectively, along the Portuguese coast (Quéro et al., 1986). The zoogeographic 
importance of this latitudinal area has long been recognized, representing the 
transition between northeastern Atlantic warm-temperate and cold temperate 
regions (Ekman, 1953; Briggs, 1974). 
The water circulation in the Portuguese coast is characterized by a complex 
current system subject to strong seasonality and mesoscale variability, showing 
reversing patterns between summer and winter in the upper layers of the slope 
and outer shelf (Barton, 1998). Upwelling events are common on the Portuguese 
coast, especially in summer (Fiúza et al., 1982). The occurrence of upwelling 
pulses during the summer is important, since the upwelling process injects 
nutrients in the surface layer that fuel primary production. 
The artisanal fleet is responsible for the largest share of flatfish landings. 
This fleet consists of almost 6000 vessels, most of them between 5 and 17 m total 
length, with open deck, and operating near the coastline (DGPA, 2011). The multi-
gear fleet is made up of vessels that are licensed to use several different gear 
types throughout the year. The main fishing gears used in flatfish fisheries are 
trammel and gill nets and bottom trawl. However, only a fraction of these vessels 
actively targets flatfishes, since many other species are caught in this multi-
species fisheries.  
The most important species, in terms of landings, are shown in pictures 
from fig. 2 to fig. 12: 
 
 Quality comparison of Sole from wild/farmed and closed/open circuits. 
 
 
5 
 
 
Figure 2 Solea solea (Quensel, 1806) 
 
 
Figure 3 Solea senegalensis (Linnaeus, 1758) 
 
 
Figure 4 Solea lascaris (Risso, 1810) 
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Figure 5 Bastard Sole, Microchirus azevia (Capello, 1868) 
  
 
Figure 6 Flounder, Platichthys flesus (Linnaeus, 1758) 
 
 
Figure 7 Spotted Flounder, Citharus linguatula (Linnaeus, 1758) 
 
 
Figure 8 Wedge Sole, Dicologlossa cuneata (Moreau, 1881) 
 
 
Figure 9 Megrims, Lepidorhombus boscii (Risso, 1810) 
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Figure 10 Lepidorhombus whiffiagonis (Walbaum, 1792). 
 
 
Figure 11 Turbot, Scophthalmus maximus (Linnaeus, 1758) 
 
 
Figure 12 Brill, Scophthalmus rhombus (Linnaeus, 1758) 
 
Aquaculture 
Aquaculture, which originated in Asia as a system of food production in 
water, is now common in every continent, covering the most varied aquatic 
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environments using a wide range of species. Global production of food through 
aquaculture has been growing rapidly and is currently responsible for the 
production of more than half (54 %) of fish and other aquatic animals consumed in 
the world. In the global picture, the fish represents around 35 % of overall 
consumption (Carvalho and Lemos, 2009). 
The culture of fish at an industrial level has expanded all over the world in 
the last few decades. Nevertheless, in Europe the growth can mainly be attributed 
to the culture of a few marine species that in some cases show signs of market 
saturation. The European consumers are demanding variation in the fish species 
available. To meet this demand, fish aquaculture in Europe has risen from 
1.289.791 t in 2002 to 1.841.285 t in 2010. The production of flatfish in Portugal 
raised from 392 t in 2002 to 554 t in 2010, the Solea production raised from 6 t in 
2002 to 14 t in 2010 (FEAP, 2011).  
Flow-through (open-circuit water systems) 
Raceways and tanks with water moving around them have been used to 
rear fish for over a century. High quality water continuously flows into these culture 
units and passes through the heavily stocked raceways, which hold the fish. Each 
raceway will have several feeding stations (Flimlin et al., 2008). 
Fish waste is discharged from the downstream end of the system. Federal, 
state and local (zoning) laws require that the effluent from these operations meet 
quality standards before being returned to public waters. Treatment of discharge 
waters should be incorporated into a flow-through system. Yields are dependent 
upon water flow, aeration and water temperature. In the northeast region, trout are 
the most common species cultured in these types of systems (Flimlin et al., 2008). 
Annual yields can range from 1 to over 10 kilograms per liter per minute of 
water flow to the raceway. High yields require large volumes of high quality water, 
stable temperatures, supplemental aeration and/or oxygenation, high quality feeds 
and good management (Flimlin et al., 2008). 
Recirculating Aquaculture System (RAS) (closed water circuits) 
A Recirculating Aquaculture System (RAS) can be defined as a system that 
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incorporates the treatment and reuse of water with less than 10 % of total water 
volume replaced per day. The concept of the RAS is to reuse a volume of water 
through continuous treatment and delivery to the organisms being cultured. Water 
treatment components used in RAS need to accommodate the input of high 
amounts of feed required to sustain high rates of growth and stocking densities 
typically required to meet financial outcomes (Hutchinson, 2004).  
Generally, these systems include mechanical and biological filtration 
components, pumps and holding tanks and may include a number of additional 
water treatment elements that improve water quality and provide disease control 
within the system. Such recirculation systems can be used where suitable land or 
water is limited, or where environmental conditions are not ideal for the species 
being cultured (Hutchinson, 2004).  
Also, RAS reduce the cost of water heating or cooling and labor 
requirements, and improves the feed conversion rate. However, RAS requires high 
initial and operating investment as well as highly qualified technical staff for 
operation. In this regard, the advantages of the RAS may be enumerated as 
follows (Hutchinson, 2004): better control of the production environment to achieve 
the optimum growth; low water consumption per ton of fish produced; minimization 
of impact on the external environment by containing and treating wastewater; and 
all year around operation. In fact, recirculating systems represent relatively new 
technology with a wide variety of system designs and efficacy degrees available 
(Hutchinson, 2004). 
Recirculating systems are potentially appropriate when water quality and 
quantity are insufficient, for example, if water must be cooled or warmed, or if 
discharge standards cannot be efficiently met. While the culture of fish in 
recirculating systems is biologically possible, the economics must be very carefully 
evaluated (Flimlin et al., 2008). 
These systems often require high value species and experienced operators 
for commercial success. It is imperative that near-constant attention from skilled 
labor be available to ensure the production system works well. Many have been 
tried at various scales but over the long run, only a few have been successful 
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(Flimlin et al., 2008). 
 
Quality Evaluation 
The type and rate of fish quality loss during postharvest handling and 
storage are specific for each species and depend on several conditions, such as 
the nutritional status of the fish, its biological state, and the temperature of storage 
(Huss, 1995). Therefore, knowledge of the specific deterioration pattern of each 
species is essential for better fish handling and the establishment of quality 
criteria. The commercial value of a fish species is associated with its excellence, 
which is regarded as “freshness quality”. The freshness of the fish is closely 
related to all sensory properties (flavor, odor, texture), but the general raw 
appearance is extremely important because it determines its marketability and 
price. For that reason, objective and harmonized criteria, as well as experienced 
panelists in fisheries assessment, are required to yield more objective, simple and 
rapid evaluation schemes (Council Regulation, 1996). 
Quality assurance in the fish sector involves monitoring and documenting 
defined quality criteria as required by regulations (Council Regulation, 1996), 
product specifications and consumer demands. These requirements may be of 
different importance to the various parts of the supply and distribution chains for 
fish, which vary greatly between countries and for different types of products. With 
the developments taking place in food law and in the marketing of food, the 
commercial participants are increasingly demanding a full range of information 
relating to fish quality and traceability of the products. Selection and supplement of 
relevant information, including parameters describing the quality of fish, are thus 
needed. 
Fish quality is a complex concept involving a whole range of factors which 
for the consumer include for example: safety, nutritional quality, availability, 
convenience and integrity, freshness, eating quality and the obvious physical 
attributes of the species, size and product type (Botta, 1995; Oehlenschläger and 
Sörensen, 1998; Bremner, 2000). 
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Information about handling, processing and storage techniques, including 
time/temperature histories, which can affect the freshness and quality of the 
products, is very important for the partners in the chain. Additionally, seasonal 
condition, the effects of fishing grounds and capture methods and the occurrence 
of various quality defects influence the overall quality. One of the most unique 
characteristics of fish as food is that it is a highly perishable commodity. 
Consequently, time passed after the catch and the temperature „history‟ of fish is 
very often the key factor determining the final quality characteristics of a fish 
product. 
Fish freshness is fundamental to fish quality. The state of freshness can be 
described by a variety of defining properties of the fish which can be assessed by 
various indicators (Bremner and Sakaguchi, 2000). These properties, and thus the 
freshness and quality of the end product, are dependent on different biological and 
processing factors that influence the degree of various physical, chemical, 
biochemical and microbiological changes occurring post mortem in fish (Huss, 
1995; Botta, 1995). Rapid, inexpensive and accurate instrumental and sensory 
methods have been developed, that can be correlated with time after the catch or 
attributes related to fish freshness (Botta, 1995). 
Freshness of fish and its measurement 
Fish is a highly perishable commodity. When newly caught it has pleasant, 
sweet flavors that are highly acceptable. In storage these flavors are progressively 
lost and though the fish are acceptable, it is not of such high quality. Further 
storage produces off flavors, and ultimately these become so strong that the fish is 
unfit to eat (© DISTELL.Com, 2010). 
Fish is generally stored and transported in ice, and, under these conditions 
species from artic or temperate waters will reach the unfit state within about two 
weeks. Tropical fish can be held somewhat longer. Spoilage is much faster if the 
fish is not held at chill temperatures. It is therefore important for anyone concerned 
with the quality of fish to be able to measure its freshness like the amount of 
deterioration that has occurred since it was caught (© DISTELL.Com, 2010). 
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Traditionally, freshness has been assessed by sensory methods like using 
the human senses of sight, smell and touch. This approach gives an immediate 
appraisal of quality and can be done without damage to the fish (© DISTELL.Com, 
2010). 
However, there are some difficulties. Trained and experienced persons are 
required, and this training takes a long time. It is not easy to make a sensory 
assessment quantitative. The changes occurring during spoilage can be described 
and codified, but individuals may interpret these descriptions somewhat differently. 
Though a single judge may be consisted within himself, different judges will vary 
among themselves (© DISTELL.Com, 2010). 
This makes it difficult to establish standards that can be applied in different 
locations, and by different assessors (© DISTELL.Com, 2010). 
There is therefore a need for objective methods for measuring freshness 
that does not depend on the subjective opinion of human judges. Several chemical 
procedures are in use for this purpose, but all suffer from common disadvantages 
with respect to quality control within the industrial environment, in that they are 
somewhat slow to carry out, whereas quality controllers and inspectors usually 
require an immediate answer. The analysis requires laboratory facilities and 
appropriately qualified staff, a feature which renders the methods unsuitable for 
„field work‟, and, expensive for factory use. The methods are destructive, and the 
damaged fish samples are no longer fit for processing (© DISTELL.Com, 2010). 
Generally, a quality controller or inspector needs to evaluate the freshness 
of a batch of fish rather than one individual sample. An appropriate number of fish 
are taken, the fish evaluated separately and the average of the batch calculated. 
The recording and calculation required, though simple, are inconvenient to carry 
out at the market or in the factory. There is therefore, a requirement for a rapid and 
objective method for measuring fish freshness in a wide range of conditions. The 
method should be capable of being carried out by untrained persons and should 
be non-destructive in use. Preferably it should also be capable of grading batches, 
with the minimum of computation and record keeping (© DISTELL.Com, 2010). 
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QIM 
The quality index method (QIM), first developed by the Tasmanian Food 
Research Unit (Bremner, 1987), is the latest scheme to overcome these difficulties 
and has been applied to iced whole and gutted fish, and also to other aquatic food 
products, including cephalopods, raw fillets, frozen/thawed fish, and cooked 
fish/shrimp (Barbosa, 2004; QIMEUROFISH, 2011). QIM is a sensory scheme 
based on well-defined changes of fishery products during storage. Each attribute 
(quality parameter), such as the appearance (format/brightness of eyes, gill color 
in the case of fresh fish) and odor, is described by a maximum of four descriptors, 
and respective scores are associated (QIMEUROFISH, 2011). 
 
 
Common name Scientific name Product(s) Reference 
Acoupa 
weakfish 
Cynoscion acoupa fresh, whole Lapa-Guimarães, 
2011 (personal 
communication) 
Anchovy Engraulis 
encrasicholus 
fresh, whole Botta, 1995; 
Nielsen, 1993 
Artic charr Salvelinus alpinus fresh, whole, farmed Cyprian, 
Sveinsdóttir, 
Magnússon & 
Martinsdóttir, 2008 
Atlantic halibut Hippoglossus 
hippoglosus 
farmed Guillerm-Regost, 
Haugen, Nortvedt, 
Carlehög, Lunestad, 
Kiessling & Rora, 
2006 
Atlantic salmon Salmo salar fresh, whole, farmed Hydilg & Nielsen, 
2001; Martinsdóttir 
et al., 2001; 
Sveinsdóttir, Hyldig, 
Martinsdóttir, 
Jørgensen, &  
Kristbergsson, 2002 
Australian 
sardine 
Sardinops sagax fresh, whole Musgrove, 
Carragher, Mathews 
& Slattery, 2007 
Black scabbard Aphanopus carbo fresh, whole Nunes, Batista & 
Cardoso, 2007 
Blackspot Pagellus fresh, whole Sant‟Ana, Soares & 
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seabream bogaraveo Vaz-Pires, 2011 
Brill Scophthalmus 
rhombus 
fresh, whole Martinsdóttir et al., 
2001 
Broadtail 
shortfin quid 
Illex condetti fresh, whole Vaz-Pires & Seixas, 
2006 
Cod Gadus morhua fresh, whole Jónsdóttir, Hyldig, 
Nielsen, 
Bleechmore & 
Silberg, 1999 
Cod Gadus morhua fresh, gutted Botta, 1995; Larsen 
et al., 1992; 
Martinsdóttir et al., 
2001; Nielsen, 
Bøknæs & Jessen, 
1994 
Cod Gadus morhua fresh, cooked Nielsen, 1993 
Cod Gadus morhua fresh fillets, open 
fish 
Botta, 1995 
Cod Gadus morhua defrosted, whole Nielsen et al., 1994; 
Warm, Bøknæs & 
Nielsen, 1998 
Cod Gadus morhua defrosted, fillets Nielsen et al., 1994; 
Warm et al., 1998 
Cod Gadus morhua defrosted, cooked 
fillets 
Nielsen et al., 1994; 
Warm et al., 1998 
Common carp Cyprinus carpio fresh, whole Aguería, 
2011(personal 
communication) 
 
Cuttlefish Sepia officinalis fresh, whole, 
washed 
Sykes, Oliveira, 
Domingues, 
Cardoso, Andrade & 
Nunes, 2009 
Cuttlefish Sepia officinalis fresh, whole, 
unwashed 
Vaz-Pires & Seixas, 
2006 
Dab Limanda limanda fresh, whole No scientific 
reference was found 
European eel Anguilla anguilla fresh, gutted, 
farmed 
Özogul, Özyurt, 
Kuley & Polat, 2005 
European 
sardine 
Sardina pilchardus fresh, whole Andrade et al., 
1997; Botta, 1995; 
Nielsen et al., 1992; 
Nielsen, 1993 
Flounder Platichthys flesus fresh, whole No scientific 
reference was found 
Flounder Paralichthys fresh, whole Massa, Palacios, 
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patagonicus Paredi & Crupkin, 
2005 
Frigate tuna Auxis thazard fresh, whole Ariyawansa, 
Wijendra & 
Senadheera, 2003 
Gilthead sea 
bream 
Sparus aurata fresh, whole Huidobro, Pastor & 
Tejada, 2000 
Haddock Melanogrammus 
aeglefinus 
fresh, gutted Botta, 1995; 
Martinsdóttir et al., 
2001 
Hake Merluccius 
merluccius 
fresh, whole Baixas-Nogueras, 
Bover-Cid, Veciana-
Nogués, Nunes & 
Vidal-Carou, 2003 
Herring Clupea harengus fresh, whole Botta, 1995; 
Jonsdóttir, 1992; 
Martinsdóttir et al., 
2001 
Horse mackerel 
(or scad) 
Trachurus 
trachurus 
fresh, whole Andrade et al., 1997 
 
Hybrid striped 
bass 
Morone saxalis, M. 
chrysops 
fresh, whole, farmed Nielsen & Green, 
2007 
Mackerel Scomber 
scombrus 
fresh, whole Andrade, Nunes & 
Batista, 1997 
Octopus Octopus vulgaris fresh, whole Barbosa & Vaz-
Pires, 2004 
Plaice Pleuronectes 
platessa 
fresh, whole Botta, 1995; 
Martinsdóttir et al., 
2001; Nielsen et al., 
1992; Nielsen, 1993 
Pollock Pollachius virens fresh, gutted Martinsdóttir et al., 
2001 
Pollock Pollachius virens fresh, whole Martinsdóttir et al., 
2001 
Rainbow trout Oncorhynchus 
mykiss 
whole, farmed No scientific 
reference was found 
Redfish Sebastes mentella, 
S. marinus 
fresh, whole Botta, 1995; 
Martinsdóttir & 
Arnason, 1992; 
Martinsdóttir et al., 
2001 
Sea bass Dicentrarchus 
labrax 
fresh, whole, wild, 
farmed 
Alasalvar, Taylor, 
Öksüz, Shahidi & 
Alexis, 2002  
Senegalese 
sole 
Solea 
senegalensis 
fresh, whole, farmed Gonçalves et al., 
2007 
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Shrimp Pandalus borealis fresh, whole Martinsdóttir, 
Siguroardóttir &  
Magnússon, 1998; 
Martinsdóttir et al., 
2001 
Shrimp Pandalus borealis cooked, peeled Martinsdóttir et al., 
2001 
Shrimp Litopenaeus 
vannamei 
fresh, whole, farmed Oliveira, 2005 
Silver scabbard Lepidopus 
caudatus 
fresh, whole Nunes, Batista & 
Cardoso, 2007 
Sole Solea vulgaris fresh, whole Martinsdóttir et al., 
2001 
Spotted trevalla Seriolella punctata fresh, whole Botta, 1995; Branch 
& Vail, 1985 
Turbot Scophtalmus 
maximus 
fresh, whole Luten & 
Martinsdóttir, 1997; 
Martinsdóttir et al., 
2001 
Table 1 All QIM published. 
 
Torrymeter 
The original research leading to the development of the Fish Freshness 
Meter was carried out by Torry Research Station, in Aberdeen, Scotland (© 
DISTELL.Com, 2010). 
It was found that certain dielectric properties of the fish skin and muscle 
alter in a systematic way during spoilage, as tissue components degrade. These 
alterations, occurring at a microscopic level, are strongly associated with the gross 
changes in appearance, odor, texture, and flavor which take place during spoilage 
and which are normally used to judge freshness. Hence, determination of the 
appropriate dielectric properties gives a measurement of the freshness of the fish 
(© DISTELL.Com, 2010). 
The base of the instrument (sensing head) has two pairs of concentrically 
arranged electrodes. This sensing head is applied directly onto the skin of the fish. 
An alternating current passes through the fish, between the outer pairs of 
electrodes and the resulting voltage sensed by the inner pair. The phase angle 
between the current and voltage is measured and converted electronically to allow 
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digital display on a convenient scale in the range 0‐18. The phase angle and 
hence the meter reading decrease with spoilage. The current passed through the 
fish is approximately 1 milliamp and so cannot harm the operator or affect the fish 
(© DISTELL.Com, 2010). 
Between the measuring electrodes are two auxiliary electrodes. These 
electrodes, in conjunction with one of the carbon electrodes, sense whether there 
is proper contact with the fish. The fish sensing device prevents readings being 
taken under inappropriate conditions e.g. in air, or in ice. Since the phase angle 
depends on temperature as well as freshness, the reading displayed by the 
instrument must be corrected to the value it would show at a reference 
temperature of 0°C (© DISTELL.Com, 2010). 
The meter is powered by rechargeable batteries within the instrument. They 
have sufficient capacity to allow a full working day‟s operation (© DISTELL.Com, 
2010). 
Freshmeter 
Electric properties (like conductance and capacitance) within fish skin 
muscle have been observed to change in an orderly manner as a fish undergoes 
post-mortem spoilage. Therefore measuring the magnitude of these properties has 
been repeatedly reported to be a useful non-destructive physical method of 
indirectly measuring the extent of the post-mortem odor and appearance change 
that have occurred (Botta, 1995). 
Measuring the magnitude of these electrical properties may involve placing 
a handheld device (like Torrymeter) on the external side of fish and manually 
obtaining individual readings. Alternatively, these electrical properties may be very 
rapidly measured as the electrodes of RT Freshness Grader spontaneously 
contact individual fish (on a moving conveyor belt) and automatically, within 1 sec, 
take approximately 200 independent measurements, which are immediately 
averaged and presented as an value ranging between 0-15. Thus the RT 
Freshness Grader is capable of non-destructively assessing up to 60 fishes per 
minute. Following the successful development of the processing line model, a 
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handheld RT-Freshmeter was produced. While evaluating a fish, this Fresmeter is 
held in a horizontal position, the skin of a whole fish, gutted fish, or skin off a fillet 
and pulled across the middle of the fish for 1 or 2 sec, after which the fish may be 
turned to its other side and scanned again. However the RT-Freshness Meter 
must be used only with unfrozen samples, as thawed fish give unreliable results 
(Botta, 1995). 
Regardless of which specific instrument is used to quantify these electric 
properties, this method has been observed to be a potentially reliable non-
destructive method of determining the freshness quality of Atlantic cod (Gadus 
morhua), butterfish (Peprilus tricanthus), haddock (Melanogrammus aelefinus), 
plaice (Pleuronectes platessa), redfish (Sebastes marinus), scup (Stenotomus 
chrysops), whiting (Merlangius merlangus) and yellowtail flounder (Limanda 
ferrruginea). This method is particularly useful to rapidly determine if chilled 
seafood has been subjected to temperature abuse, thereby substantially reducing 
the seafood´s freshness quality. However, the value of the results can be seriously 
affected by the season during which the seafood was harvested. This method has 
also been reported to be less useful with fatty fish rather than lean fish. In addition, 
such procedures may produce reliable results, but may not be cost effective. For 
example, the processing line model of the RT Freshness Grader, which is capable 
of automatically and accurately evaluating the freshness quality, was not widely 
used within the Icelandic fishing industry, because of its high cost. The Iceland 
seafood industry repeatedly observed that the freshness quality could be obtained 
much less expensively by knowing the length (and manner) of chilled storage to 
which the seafood (that was to be processed) had been subjected (Botta, 1995).  
 
Species studies 
 The species chosen for this study was the Common sole (Solea solea, 
Quensel, 1806) and Senegalese sole (Solea senegalensis, Lin. 1758), (Vazquez 
et al. 2011; Whitehead et al., 1986; FAO, 2011). These two species belongs very 
close in phylogenetical terms and both to the family Soleidae and genus Solea 
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(Vazquez et al. 2011; Whitehead et al., 1986; FAO, 2011).  
The reason for using two species of the same genus was that the common 
sole is not presently produced commercially in captivity, so it was necessary to 
use its nearest congener in biological terms, which is produced in commercial 
farms, the Senegalese sole. In taxonomic terms, they are characterized as follows: 
Dominium Eukaryota; 
Kingdom Animalia; 
Sub-Kingdom Metazoa; 
Phylum Cordata; 
Sub-phylum Vertebrata (craniata); 
Super-class Osteichthyes; 
Class Actinopterygii; 
Sub-class Neopterygii; 
Infra-class Teleostei; 
Super-order Acanthopterygii; 
Order Pleuronectiformes; 
Sub-order Pleuronectidei; 
Family Soleidae; 
Genus Solea; 
Species Solea solea/vulgaris,Lin. 1758 e Solea senegalensis. 
(Vazquez et al. 2011; Whitehead et al., 1986; FAO, 2011) 
Solea senegalensis, Lin., 1758. 
The Senegalese sole has the anterior nostril on the left lateral plane of the 
body (blind side), not being too large in diameter, situated apart from the skull 2 to 
2,5 times the length of its distance from the mouth fissure (Vazquez et al. 2011; 
Whitehead et al., 1986; FAO, 2011). The anterior nostril is located on the left side, 
the same as the eyes with a pointing tube retracted that does not reach the front 
edge of the inferior eye socket (Vazquez et al. 2011; Whitehead et al., 1986; FAO, 
2011). Like every teleost fish it has a long dorsal fin starting from the top of the 
head and composed by 72 to 95 fin-rays. The pectoral flipper on the right side 
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contains 8 to 12 fin-rays, while the pectoral fin on the left side has 8 to 10 rays 
(Vazquez et al. 2011; Whitehead et al., 1986; FAO, 2011). The anal flippers 
possess between 61 and 75 rays, with the tail flipper separated from the dorsal 
and anal ones (Vazquez et al. 2011; Whitehead et al., 1986; FAO, 2011). 
The lateral line shows from 120 to 138 scales pores forming a soft rounded 
curve in the supra-temporal area. It has between 43 and 46 vertebrae and the 
body coloration is characterized by a brown-grayish like color on the eye insertion 
plane, with blue dots along the entire extension of the body (Vazquez et al. 2011; 
Whitehead et al., 1986; FAO, 2011). The pectoral fin on the eye insertion place 
exhibits an almost black membrane and the rays of a light-yellow color. The tail 
flipper is uniformly colored. The animal has a total length of about 60 cm in 
adulthood (Vazquez et al. 2011; Whitehead et al., 1986; FAO, 2011). 
It‟s a demersal species, dwelling in the sea, in areas of sandy or muddy 
bottoms, from shallow water lagoons to ocean habitats until 100 m in depth 
(Vazquez et al. 2011; Whitehead et al., 1986; FAO, 2011). The diet is made out of 
a wide variety of species composed of several small benthonic invertebrates like 
polychaetes, bivalve mollusks, larvae and small crustaceans (Vazquez et al. 2011; 
Whitehead et al., 1986; FAO, 2011).   
The reproductive season extends from May to August, reaching a peak in 
June (Vazquez et al. 2011; Whitehead et al., 1986; FAO, 2011). The distribution of 
the species occurs from the East Atlantic area (Bay of Biscay) to the 
Mediterranean Sea and along the entire western African coast, from the strait of 
Gibraltar to the shores of Senegal (Vazquez et al. 2011; Whitehead et al., 1986; 
FAO, 2011). 
 
Solea solea (Solea vulgaris, Quensel 1806) 
The Common sole (Solea solea) has the anterior nostril on the left side of 
the body (blind side), not being too large in diameter, setting away from the edge 
of the skull about 1,5 to 1,9 times more that the distance between it and the mouth 
fissure. The anterior nostril is located on the lateral left plane, the same as the 
 Quality comparison of Sole from wild/farmed and closed/open circuits. 
 
 
21 
 
eyes, with a pointing tube retracted that does not reach the frontal edge of the eye 
socket (Vazquez et al. 2011; Whitehead et al., 1986; FAO, 2011). 
Like almost all teleost species, it has a long dorsal fin starting from the 
superior part of the skull and it‟s composed of 69 to 97 fin-rays (Vazquez et al. 
2011; Whitehead et al., 1986; FAO, 2011). The dorsal flipper of the right side 
plane, the same as the eyes, has 9 or 10 fins-rays, while the dorsal flipper on the 
left side plane differs only by being somewhat shorter. The anal flippers possess 
between 53 to 79 fin-rays, with the tail flipper separated from the dorsal and anal 
ones, having a typical dark coloration in its extremities (Vazquez et al. 2011; 
Whitehead et al., 1986; FAO, 2011). 
The lateral line presents between 116 to 165 scales pores, forming a soft 
rounded curve on the supra-temporal area (Vazquez et al. 2011; Whitehead et al., 
1986; FAO, 2011). It possesses from 46 to 52 vertebrae and its body coloration is 
composed of a brown-grayish to a red-brownish color on the eyes insertion plane, 
with large diffuse black spots along the entire body (Vazquez et al. 2011; 
Whitehead et al., 1986; FAO, 2011). The pectoral flipper on the eye plane shows a 
dark spot on its lower terminal edge. The base of the tail flipper its generally darker 
than the rest of the body (Vazquez et al. 2011; Whitehead et al., 1986; FAO, 
2011). 
The animals in adulthood reach a length of around 70 cm (Vazquez et al. 
2011; Whitehead et al., 1986; FAO, 2011). 
The Common sole is a demersal species, dwelling in the sea, in areas of 
sandy or muddy bottoms, from shallow water lagoons to ocean habitats until 300 
m in depth (Vazquez et al. 2011; Whitehead et al., 1986; FAO, 2011). The diet is 
made out of a wide variety of species composed of several small benthonic 
invertebrates like polychaetes, bivalve mollusks, larvae and small crustaceans 
(Vazquez et al. 2011; Whitehead et al., 1986; FAO, 2011).   
The diet is made out of a wide variety of species composed of several small 
benthonic invertebrates like polychaetes, bivalve mollusks, larvae and small 
crustaceans (Vazquez et al. 2011; Whitehead et al., 1986; FAO, 2011).  
The reproductive season extends from January to April, reaching a peak in 
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February (Vazquez et al. 2011; Whitehead et al., 1986; FAO, 2011). 
The distribution of the species occurs from the East Atlantic area 
(Trondheim fiords, all of the North Sea and West Baltic Sea) to the Mediterranean 
Sea (including the Sea of Marmara, Bosphorus strait and southwest of the Black 
Sea) and along the entire western African coast, from the strait of Gibraltar to the 
shores of Senegal (Vazquez et al. 2011; Whitehead et al., 1986; FAO, 2011). 
Their physiology, anatomical data, ecology and geographical distribution 
patterns in their natural habitats are very similar even overlapping (Whitehead et 
al., 1986; FAO, 2011). 
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Fish Source 
The farmed fish samples were collected in two aquacultures (Fig. 13 and 
Table 2), one located in Estela, which use Flow-Through, the other farm located at 
Torreira, which uses a recirculating system (RAS) which is completely closed to 
exterior environment when in full production mode.  
The fish from the Fishery (Fig. 13 and Table 2) was taken from commercial 
fishing official markets of Leixões Harbour. 
Fish was acquired from the aquaculture in Flow-Through in January 2011, 
in Leixões harbor in February 2011 and in the RAS was acquired in March 2011. 
The animals were all adults and the sampling size consisted of ten live animals 
(n=10) per location amounting to a total experimental sample size of 30 
(ntotal=30), with a nFlow-Through=10, nRAS=10 and nFishery=10.  
 
 
Figure 13 Map with the localization of fish source. 
 
Source Localization N Localization O 
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Fishery 41º10´59´´ 8º41´52´´ 
Flow-Through 41º27´09´´ 8º46´26´´ 
RAS 40º47´39´´ 8º41´46´´ 
Table 2. Localization of fish source. 
 
Preservation  
The preservation of soles from the fishery, from Flow-through and 
Recirculating Aquaculture System (RAS) was made in the ice. The fish from 
aquaculture were slaughtered by hypothermia, in ice-water (50-50). After fish 
death, they were packed in plastic boxes, covered with scale of freshwater ice. 
The boxes had the bottom drilled to allow drainage of water from melting ice. Ice 
was regularly replenished, as needed. 
The boxes were stored in a refrigerated compartment, and kept at 
temperatures between 2 and 6 °C, allowing the slow melting of the ice. 
 
Electrical Measurements 
Two types of fish freshness meters were used in the project, the RT 
Freshmeter (Iceland) and the GR Torrymeter (UK) both working based on very 
similar electrode systems. Electrodes take measures based on the electrical 
impedance of the skin (Jason and Richards, 1975). The electrodes were 
previously cooled and kept at refrigeration temperature by direct contact with ice, 
as recommended by manufacturers, and were cleaned with clean paper tissue 
between measurements to remove mucus, which could influence the subsequent 
readings. 
For the Torrymeter, three different measurements were made on each side 
of the skin (dorsal and ventral). Each measure was taken by touching the skin 
once and individual values were noted. The reading areas were near the head, in 
the middle of the body and near the tail. For the Freshmeter, three different 
measures were taken from each side of the skin (dorsal and ventral), with a 
minimum contact of time of 1 s for each reading, from the dorsal fin to near the tail, 
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as this instrument is able to take a series of measurements per second of 
continuous contact. 
 
Quality index method (QIM) 
Quality Index Method (QIM) for whole Sole was modified from Gonçalves et 
al (2007) and was used only by one evaluator. The QIM was modified because 
lack of experience of the evaluator in QIM. 
The QIM in this study have 16 demerit points (table 3) and is based on the 
following parameters: Skin appearance: dorsal side (3 points), ventral side (3 
points) and mucus (3 points); Eyes: form (3 points) and brightness (2 points); Gill: 
colors (2 points). During the experiment pictures of fish were taken every day, with 
an SLR Nikon D50 camera, from the dorsal, ventral, head (right, front, left) and 
gills. 
 
Statistical Analysis  
Results were evaluated by test t of Student and ANOVA, where the main 
effect was storage time. Linear regression was performed for the correlation. At 
least significance level of p<0.05 was used. All statistical analyses were performed 
using the SPSS 17.0 software.  
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0 1 2 3
skin appearance Dark side
bright and 
fresh
 aparence
rather dull
 or pale, 
shrunken skin
dull, pale
 and slight 
depigmentation
pale, 
extensive 
depigmentation 
and shrunken 
skin
White side bright white
some purple
 yellow 
descoloration
dull, purple/
 yellow 
discoloration in  
the middle
yellow and 
purple
 discoloration 
and red at 
viceras
mucus
abundant 
and
 clear, not 
clotted
slightly
 clotted, milky
clotted and 
slightly yellow
yellow and 
clotted
eyes form eye socket
 convex
slightly 
sunken,
 eye socket 
shrunken
sunken and/or
swollen,
deformed
clarity/
brightness
clear, black
 pupil, 
golden rim 
around the 
pupil
rather matte,
 faint golden 
rim around 
the pupil
matte, purple/
reddish, milky 
pupil
gills color
bright light
 red, lamina 
perfectly 
separated
slightly
 discolored
discolored
 
yellowish, 
brown
lamina adhered
Fish part
 
Table 3 Quality Index Method (QIM) used in this study. (Modified from Gonçalves 
et al, 2007) 
 Quality comparison of Sole from wild/farmed and closed/open circuits. 
 
 
28 
 
 
 
 
 
 
 
 
 Quality comparison of Sole from wild/farmed and closed/open circuits. 
 
 
29 
 
 
 
 
 
 
 
 
 
 
Results 
 
 
 Quality comparison of Sole from wild/farmed and closed/open circuits. 
 
 
30 
 
Freshmeter measurements 
The results of the evaluation of changes on Freshmeter readings made 
on  Solea spp showed some differences between wild and farmed fish, and 
from open and closed circuit (Fig. 14 and 15). RAS fish showed a slower 
decrease of quality than from Flow through, and Flow-through fish showed a 
slower decrease of quality than Fishery. 
 
Figure 14 Comparison results of Freshmeter measurement from fishery 
(Leixões) and from Flow-through (Rio Alto) and Recirculating Aquaculture 
System (RAS) (Aquacria). 
 
Differences between the dorsal and ventral sides of fish were analyzed in 
this study. Results from the fish market (Fishery) showed that the dorsal part 
has a slow decrease of quality than the ventral (Fig. 16), the mean difference of 
results was 0.8. In fish farms showed that the ventral part have a slowly 
decrease of quality than the dorsal, the mean difference of results in Flow-
through (Fig. 17) was 0.3; and In RAS (Fig. 18) was 0.7. The result showed the 
typical two phase quality loss, first 5 days a higher decline, then a milder 
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decline. For the calculus of best fit line (y) the slope (m) multiplied for the 
numbers of day (x) plus the first value of measurement (F) was used. 
 
Figure 15 Boxplot of Freshmeter measurement from fishery (Leixões) and from 
Flow-through (Rio Alto) and Recirculating Aquaculture System (RAS) 
(Aquacria). 
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Side Maximum Minimal Mean  
Dorsal 13.2 3.5 8.1 
Ventral 13.1 3.2 7.2 
Figure 16 Results of Freshmeter measurement from fishery (Leixões). 
 
 
Side Maximum Minimal Mean  
Dorsal 13.8 6 9.5 
Ventral 13.9 6.5 9.6 
Figure 17 Results of Freshmeter measurement from Flow-through (Rio Alto). 
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Side Maximum Minimal Mean  
Dorsal 14.6 7.3 10.5 
Ventral 14.5 8.1 11 
Figure 18 Results of Freshmeter measurement from Recirculating Aquaculture 
System (RAS) (Aquacria). 
 
The Anova showed that have a statistical difference between factor time 
with 99.9% (p=0.001) (Table 4) 
Source of variation df MS F  p Sig. 
Time 95 43,931 5,758 0,001 *** 
Table 4 Results of statistical analysis of Freshmeter, Anova. (* p=0.05, ** 
p=0.05<0.01, *** p<0.001) 
 
The t-test showed that have difference between the factor systems of 
aquaculture (Flow-through, Recirculating Aquaculture System (RAS)) with 95% 
(p<0.05); difference between the factor aquaculture and fishery with 99.9% 
(p=0.001) and between the factor side of fish have no difference (p>0.05) (table 
5)  
 
Source of variation df MD p Sig. 
Flow-through / RAS 62 1,206 0,035 ** 
Aquaculture / Fishery 93 4,813 0,001 *** 
Dorsal side / Ventral side 94 0,125 0,901 ns 
Table 5 Result of statistical analyze of freshmeter, t-test. (* p=0.05, ** 
p=0.05<0.01, *** p<0.001) 
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Torrymeter measurements 
The results of the evaluation of changes on Torrymeter readings of Solea 
sp showed some difference from fish market and fish farm (Fig. 19 and 20), fish 
farm (Rio Alto and Aquacria) have a slower decrease of quality than fish market 
(Leixões), between fish farms with different water system, the Flow-through (Rio 
Alto) showed a slower decrease of quality than RAS (Aquacria). 
 
 
Figure 19 Comparison results of Torrymeter measurement from fishery 
(Leixões) and from Flow-through (Rio Alto) and Recirculating Aquaculture 
System (RAS) (Aquacria). 
 
Differences between the dorsal and ventral of fish were analyzed on this 
study, as result in fish market and fish farm showed that the ventral part have a 
slowly decrease of quality than the dorsal, the mean difference of fish market 
(Fig. 21) results was 1.6. In fish farms, the mean difference of results in Flow-
through (Fig. 22) was 1.2 was 0.6; and In RAS (Fig. 23). The result showed the 
typical two phase quality loss, where normally have a big decline first then a 
milder decline. For the calculus of best fit line (y) is used the slope (m) 
 Quality comparison of Sole from wild/farmed and closed/open circuits. 
 
 
36 
 
multiplied for the numbers of day (x) plus the first value of measurement (F).   
 
Figure 20 Boxplot of Torrymeter measurement from fishery (Leixões) and from 
Flow-through (Rio Alto) and Recirculating Aquaculture System (RAS) 
(Aquacria). 
. 
 
Side  Maximum  Minimal Mean 
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Dorsal 11.3 0.1 4.4 
Ventral 11.4 1.4 5.6 
Figure 21 Results of Torrymeter measurement from fishery (Leixões). 
 
 
Side  Maximum  Minimal Mean 
Dorsal 12.8 5.4 9.5 
Ventral 13.9 7.9 10.6 
Figure 22 Results of Torrymeter measurement from Flow-through (Rio Alto). 
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Side  Maximum  Minimal Mean 
Dorsal 14.6 4.7 9.6 
Ventral 14.5 5.1 10.2 
Figure 23 Results of Torrymeter measurement from Recirculating Aquaculture 
System (RAS) (Aquacria). 
 
The Anova showed that have a statistical difference between the factor 
systems (Fishery, Flow-through, Recirculating Aquaculture System (RAS)) with 
99.9% (p=0.001); difference between factor time with 99.9% (p=0.001) (Table 6) 
 
Source of variation df MS F  p Sig. 
Time 95 37,926 15,495 0,001 *** 
Table 6 Results of statistical analyze of Torrymeter, Anova. (* p=0.05, ** 
p=0.05<0.01, *** p<0.001) 
 
The t-test showed that have no difference between the systems of 
aquaculture (Flow-through, Recirculating Aquaculture System (RAS)) (p>0.05); 
difference between aquaculture and fishery with 99.9% (p=0.000) and between 
the side of fish have no difference (p>0.05) (table 7)  
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Source of variation df MD p Sig. 
Flow-through / RAS 62 0,161 0,797 ns 
Aquaculture / Fishery 93 4,813 0,001 *** 
Dorsal side / Ventral side 94 1,008 0,178 ns 
Table 7 Result of statistical analyze of Torrymeter, t-test. 
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Quality index method (QIM) 
 
Figure 24 Evolution of QIM parameters of Dorsal during the iced storage. Each 
data point is the mean value of ten fish assessed. DP, demerit points; score 0, 
high freshness; score 3, unacceptable quality. 
 
Calculus of best fit line from results of parameter dorsal:  
Fishery QI=0.1+0.19*x 
Flow-through QI=0+0.18*x 
Recirculating Aquaculture System (RAS) QI=0+0.14*x 
 
Source of 
variance df MS r r² p Sig. 
Fishery 30 19,908 0,896 0,803 0,001 *** 
Flow-through 30 24,105 0,910 0,829 0,001 *** 
RAS 30 27,342 0,931 0,866 0,001 *** 
Table 8 Results of statistical analyze of dorsal, linear regression.  
(* p=0.05, ** p=0.05<0.01, *** p<0.001) 
 Quality comparison of Sole from wild/farmed and closed/open circuits. 
 
 
41 
 
 
Figure 25 Evolution of QIM parameters of Ventral during the iced storage. Each 
data point is the mean value of ten fish assessed. DP, demerit points; score 0, 
high freshness; score 3, unacceptable quality. 
 
Calculus of best fit line from results of parameter ventral,  
Fishery QI=0.1+0.15*x 
Flow-through QI=0+0.14*x 
Recirculating Aquaculture System (RAS) QI=0+0.12*x 
 
Source of 
variance df MS r r² p Sig. 
Fishery 30 20,65 0,904 0,818 0,001 *** 
Flow-through 30 24,74 0,940 0,884 0,001 *** 
RAS 30 30,184 0,957 0,915 0,001 *** 
Table 9 Results of statistical analyze of ventral, linear regression. 
 (* p=0.05, ** p=0.05<0.01, *** p<0.001) 
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Figure 26 Evolution of QIM parameters of Mucus during the iced storage. Each 
data point is the mean value of ten fish assessed. DP, demerit points; score 0, 
high freshness; score 3, unacceptable quality. 
 
Calculus of best fit line from results of parameter mucus,  
Fishery QI=0+0.2*x 
Flow-through QI=0+0.18*x 
Recirculating Aquaculture System (RAS) QI=0+0.17*x 
 
Source of 
variance df MS r r² p Sig. 
Fishery 30 14,025 0,794 0,63 0,001 *** 
Flow-through 30 19,216 0,845 0,715 0,001 *** 
RAS 30 23,908 0,868 0,754 0,001 *** 
Table 10 Results of statistical analyze of mucus, linear regression.  
(* p=0.05, ** p=0.05<0.01, *** p<0.001) 
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Figure 27 Evolution of QIM parameters of Eyes Form during the iced storage. 
Each data point is the mean value of ten fish assessed. DP, demerit points; 
score 0, high freshness; score 2, unacceptable quality. 
 
Calculus of best fit line from results of parameter Eyes Form,  
Fishery QI=0+0.13*x 
Flow-through QI=0+0.11*x 
Recirculating Aquaculture System (RAS) QI=0+0.11*x 
 
Source of 
variance df MS r r² p Sig. 
Fishery 30 9,06 0,847 0,717 0,001 *** 
Flow-through 30 10,491 0,877 0,77 0,001 *** 
RAS 30 12,776 0,917 0,841 0,001 *** 
Table 11 Results of statistical analyze of eyes form, linear regression.  
(* p=0.05, ** p=0.05<0.01, *** p<0.001) 
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Figure 28 Evolution of QIM parameters of Eyes Clarity during the iced storage. 
Each data point is the mean value of ten fish assessed. DP, demerit points; 
score 0, high freshness; score 2, unacceptable quality. 
 
Calculus of best fit line from results of parameter Eyes Clarity,  
Fishery QI=0+.13*x  
Flow-through QI=0+.13*x 
Recirculating Aquaculture System (RAS) QI=0+.13*x 
On this parameter the result was the same for all samples.  
 
Source of 
variance df MS r r² p Sig. 
Fishery 30 9,085 0,846 0,716 0,001 *** 
Flow-through 30 9,085 0,846 0,716 0,001 *** 
RAS 30 9,085 0,846 0,716 0,001 *** 
Table 12 Results of statistical analyze of eyes clarity, linear regression.  
(* p=0.05, ** p=0.05<0.01, *** p<0.001) 
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Figure 29 Evolution of QIM parameters of Gill Color during the iced storage. 
Each data point is the mean value of ten fish assessed. DP, demerit points; 
score 0, high freshness; score 2, unacceptable quality. 
 
Calculus of best fit line from results of parameter gill color,  
Fishery QI=0.3+0.16*x 
Flow-through QI=0+0.11*x 
Recirculating Aquaculture System (RAS) QI=0+0.10*x 
 
Source of 
variance df MS r r² p Sig. 
Fishery 30 19,005 0,913 0,834 0,001 *** 
Flow-through 30 8,832 0,890 0,792 0,001 *** 
RAS 30 11,408 0,914 0,835 0,001 *** 
Table 13 Results of statistical analyze of gill color, linear regression.  
(* p=0.05, ** p=0.05<0.01, *** p<0.001) 
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Figure 30 Evolution of Demerit Points of Solea ssp during the iced storage. 
Each data point is the mean value of ten fish assessed. DP, demerit points; 
score 0, high freshness; score 16, unacceptable quality. 
 
Calculus of best fit line from results of parameter demerit points,  
Fishery QI=0.5+0.8*x 
Flow-through QI=0+0.71*x 
Recirculating Aquaculture System (RAS) QI=0+0.74*x 
 
Source of 
variance df MS r r² p Sig. 
Fishery 30 535,22 0,877 0,769 0,001 *** 
Flow-through 30 551,88 0,896 0,803 0,001 *** 
RAS 30 654,26 0,918 0,843 0,001 *** 
Table 14 Results of statistical analyze of demerit points, linear regression.  
(* p=0.05, ** p=0.05<0.01, *** p<0.001) 
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RT-Freshmeter, GR-Torrymeter and QIM are non-destructive methods 
that require little training, advantages not common in many other methods. 
Various authors describe them as a good combination for measuring freshness 
of fish and others animals over the time (Tryggvadottir et al, 2001; Vaz-Pires 
and Barbosa, 2004; Inacio et al, 2003; Olafsdottir et al, 2004; Vaz-Pires et al, 
2008; Lougovois et al, 2003; Sant´Ana et al, 2011b; Simat et al, 2009).  
In order to achieve the best lines fit, milder line represents a slower 
decrease of quality, and a more abrupt line represents a faster decrease of 
quality.  When comparing results obtained in this work for Freshmeter best fit 
lines (Table 15), it can be observed a line of decrease of similar quality to those 
obtained by Vaz-Pires e Barbosa (2004) and Vaz-Pires et al (2008), that have 
milder slope or same level of slope in fishery, where the mean slope is really 
low (0.16 and 0.17), and then more accuracy in RAS. Comparing the results 
obtained for other species, more abrupt slopes were observed (Inacio et al, 
2003; Tryggvadottir et al, 2001; Vaz-Pires and Barbosa, 2004; Vaz-Pires et al, 
1995; Vaz-Pires et al, 2008).    
 
Freshmeter Best Fit Line 
Vaz-pires et al (2008) Sepia officinalis, Dorsal y=-0,15x+10 
RAS, Solea senegalensis Dorsal y=-0,16x+13,9 
RAS, Solea senegalensis Ventral y=-0,17x+14,5 
Fishery, Solea solea, Ventral y=-0,21x+13,7 
Flow-through, Solea senegalensis, Dorsal y=-0,21x+13,9 
Vaz-pires et al (2008) Sepia officinalis, Ventral y=-0,22x+8,9 
Vaz-Pires and Barbosa (2004) Octopus vulgaris  y=-0,23x+9,6 
Flow-through, Solea senegalensis, Ventral y=-0,24x+13,1 
Fishery, Solea solea, Dorsal y=-0,30x+11,7 
Vaz-pires et al (2008) Illex coindetii, Dorsal y=-0,30x+9,9 
Vaz-pires et al (2008) Illex coindetii, Ventral y=-0,33x+9,8 
Inacio et al (2003), Trachurus trachurus y=-0,36x+10,5 
Vaz-Pires et al (1995), Trachurus trachurus y=-0,41x+12,1 
Inacio et al (2003), Trachurus trachurus y=-0,43x+11,7 
Vaz-Pires et al (1995), Oncorhynchus mykiss  y=-0,44x+12,7 
Inacio et al (2003), Trachurus trachurus y=-0,45x+11,5 
Tryggvadottir et al (2001) Gadus morhua, Reykjavik y=-0,46x+13,5 
Tryggvadottir et al (2001) Gadus morhua, Tromsö y=-0,50x+13,5 
Table 15 Results of Best Line Fit for Freshmeter. 
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When comparing results obtained in this work for Torrymeter best fit lines 
(Table 16), it can be observed mean slopes in comparison with the others 
works, standing in the average level of slope of others species (Inacio et al, 
2003; Lougovois et al, 2003; Ravishankar et al, 1994; Sant´Ana et al , 2011b; 
Vaz-Pires et al, 2008). 
Torrymeter Best Line Fit 
Vaz-pires et al (2008) Sepia officinalis,  Dorsal y=-0,08x+6,5 
Ravishankar et al (1994), Scoliodon laticaud y=-0,13x+13 
Flow-through, Solea senegalensis Ventral y=-0,20x+13,9 
Vaz-pires et al (2008) Sepia officinalis,  Ventral y=-0,23x+10,5 
Flow-through, Solea senegalensis Dorsal y=-0,25x+12,8 
RAS, Solea senegalensis Dorsal y=-0,30x+13,8 
RAS, Solea senegalensis Ventral y=-0,30x+14,1 
Ravishankar et al (1994), Rastrelliger kanagurta y=-0,31x+11 
Ravishankar et al (1994), Scomberomorus commerson y=-0,31x+13 
Fishery, Solea solea Ventral y=-0,34x+11,7 
Vaz-pires et al (2008) Illex coindetii,  Dorsal y=-0,34x+8,3 
Fishery, Solea solea Dorsal y=-0,37x+11,3 
Sant´Ana et al (2011b), Pagellus bogaraveo  y=-0,37x+8,99 
Ravishankar et al (1994), Sardinella longiceps y=-0,38x+9 
Sant´Ana et al (2011b), Pagellus bogaraveo  y=-0,39x+9,17 
Vaz-pires et al (2008) Illex coindetii,  Ventral y=-0,40x+8,1 
Sant´Ana et al (2011b), Pagellus bogaraveo  y=-0,40x+9,21 
Sant´Ana et al (2011b), Pagellus bogaraveo  y=-0,40x+9,31 
Lougovois et al (2003), Sparus aurata  y=-0,41x+12,6 
Ravishankar et al (1994), Johnius sp. y=-0,43x+14 
Ravishankar et al (1994), Saurida tumb y=-0,58x+14 
Inacio et al (2003), Trachurus trachurus y=-0,91x+10,5 
Inacio et al (2003), Trachurus trachurus y=-0,91x+11 
Inacio et al (2003), Trachurus trachurus y=-1,04x+12 
Table 16 Results of Best Line Fit for Torrymeter. 
When comparing results obtained in this work for QIM Correlations over 
the time (Table 17), it can be observed that the correlations between the studied 
factors over time (dorsal side; ventral side; mucus; eyes form; eyes clarity; gills 
colour; demerit points) were lower than the most of others works (Sykes et al, 
2009; Gonçalves et al, 2007;  Vaz-Pires and Barbosa, 2004; Sveinsdottir et al, 
2003; Tryggvadottir et al, 2001; Bonilla et al, 2007; Sant´Ana et al, 2011b), in 
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contrast with Nga et al (2002) where  ever lower values were observed. 
 
QIM Correlation 
Vaz-Pires and Barbosa (2004), Octopus vulgaris r²=0.996 
Bonilla et al (2007), Gadus Morhua r²=0.99 
Sykes et al (2009), Sepia officinalis r²=0.987 
Tryggvadottir et al (2001), Gadus morhua r²=0.982 
Tryggvadottir et al (2001), Gadus morhua r²=0.981 
Sveinsdottir et al (2003), Salmo salar  r²=0.969 
Sant´Ana et al (2011), Pagellus bogaraveo r²=0.967 
Sant´Ana et al (2011), Pagellus bogaraveo r²=0.957 
Sant´Ana et al (2011), Pagellus bogaraveo r²=0.952 
Sant´Ana et al (2011), Pagellus bogaraveo r²=0.942 
Gonçalves et al (2007), Solea senegalensis  r²=0.921 
Gonçalves et al (2007), Solea senegalensis  r²=0.92 
Fishery, Solea solea  r²=0.843 
Gonçalves et al (2007), Solea senegalensis  r²=0.825 
Flow-through, Solea senegalensis  r²=0.803 
RAS, Solea senegalensis  r²=0.769 
Nga et al (2002), Clupea harengus r²=0.76 
Table 17 Results of Correlation QIM over the time. 
 
Concerning the freshmeter results, the experimental time had a statistical 
meaning (p<0.001) suggesting that the fish quality decreases significantly over 
the time; the comparison between Fishery/Flow-through/RAS had a statistical 
meaning (p<0.001) suggesting that all the sources different significant. 
Comparison between systems Flow-through/RAS had a statistical meaning 
(p=0.035) suggesting that the systems are significant different. Comparison 
between the Aquaculture/Fishery had a statistical meaning (p<0.001) 
suggesting that the aquaculture and fishery are different; Comparison between 
Dorsal/Ventral didn‟t had a statistical meaning (p>0.05) suggesting that didn‟t 
had statistical difference between dorsal and ventral. 
Concerning Torrymeter results, the experimental time had a statistical 
meaning (p<0.001) suggesting that the fish quality decreases significantly over 
the time; the comparison between Fishery/Flow-through/RAS had a statistical 
meaning (p<0.001) suggesting that all the sources different significant; 
comparison between systems Flow-through/RAS didn‟t had a statistical 
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meaning (p>0.05) suggesting that the systems aren‟t significant different; 
comparison between the Aquaculture/Fishery had a statistical meaning 
(p<0.001) suggesting that the aquaculture and fishery are different; comparison 
between Dorsal/Ventral didn‟t had a statistical meaning (p>0.05) suggesting 
that didn‟t had statistical difference between dorsal and ventral. 
The protocol QIM have a total score of 6 parameters, standing out 
freshness indicators of superficial aspects, such as color and brightness of skin, 
and the color of the gills. The parameter eyes clarity was the same in the 
samples and the slope is very close to eyes form, this phenomenon was 
observed in Gonçalves et al (2007).  
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Conclusions 
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The results are presented that in Freshmeter the fishes of RAS system 
have a slow decrease of quality than the ones in Flow-through system  
The results are presented that in Torrymeter the fishes of Flow-through 
system have a slow decrease of quality than the ones in RAS system. 
 Also on the readings show differences, in both cases, of decrease of 
quality between the dorsal and ventral sides, the ventral side shows a slow 
decrease than the dorsal, the skin on this side show to be more resistant to 
decomposition. 
In QIM the RAS system always showed a slower decrease of quality than 
Flow-through system. 
In all tests aquaculture showed a slower decrease of quality that fishery. 
The wild fish have a lower quality level, how this fish comes from fishing 
is not for sure of his death may have been one or two days before the start of 
the analysis, since the aquaculture were collected alive and dead in the 
laboratory, where the quality of fish was 100% safe. 
The results of best fit lines in Freshmeter and Torrymeter were really 
milder, showing a decrease of quality very slow. 
The correlation between the QIM measurements was low on every 
parameter. 
 
Proposals for the future 
These results show only the physical tests, others test is needed to 
validate this conclusion: 
 Chemical tests to compare the TM and FM results, like 
Trimethylamine (TMA) and Total Volatile Base (TVB). And 
nutritional tests, like Crude Protein, Moisture, Ash and Crude Fat, 
between Fishery and Aquaculture.  
 Histologic and Pathologic analyzes with some organs, like liver, 
gills, gonads, to see how the aquaculture processes could 
influence inner modifications. 
 Microbial spoilage analyzes, like Total Viable Count (TVC) or an 
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Aerobic Plate Count (APC) to see the resistance of bacteria in 
both environments. 
To enroll a training course for QIM, to be able to give more precise data 
for this kind of study next time.  
Go to the field to make the sample in the field, knowing the exact time of 
death and the way the fish were killed. 
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Pictures of Fishery 
 
 
 
Figure 31 Pictures of Sole on Gills 
 
 
 
Figure 32 Pictures of Sole on Dorsal 
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Figure 33 Pictures of Sole on Ventral 
 
 
Figure 34 Pictures of Sole on Head 
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Pictures of Aquaculture 
 
 
Figure 35 Pictures of Sole on Gills 
 
 
Figure 36 Pictures of Sole on Dorsal 
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Figure 37 Pictures of Sole on Ventral 
 
 
Figure 38 Pictures of Sole on Head. 
